Reaction of phthalic acid with 2-methyl-4-N-phenylaminoquinoline under PPA condition resulted in the formation of 6-methyldibenzo[b,h][1,6]naphthyridines, whereas the same reaction with 2,4-bis(N-phenylamino)quinoline resulted in the dimeric dibenzo [b,h][1,6]naphthyridines. A novel mechanism has been proposed to explain the formation of the unexpected product. Screening for the antibacterial activity against various pathogens, proved that the dimeric analogs showed a better antibacterial activity when compared to their monomeric analogs.
INTRODUCTION
Dimeric chemistry has a wide occurring impact in variety of fields and also proven to be important in the field of drug discovery.
1,2 Some of the dimers are found to be equally or even more active with respect to their monomer derivatives. For examples, Indol-3-carbinol 3 found in cruciferous vegetables is a naturally occurring modulator of carcinogenesis with a biological activity that is dependent on its conversion of its dimer, i.e., diindolylmethane 4 in stomach during digestion. Further exploration on this dimer owing
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www.orientjchem.org falciparum, 9 are available. Naturally occurring dimers are of vast biological importance and hence much attention has been paid on their synthesis. Diospyrin, a naturally occurring naphthoquinone dimer isolated from African plant Euclea species has been found to be active against tuberculosis 10 and possess good tumor inhibitory effect against different cancer cell lines. 11 2,7-Diamino-1,8-naphthyridine dimers have been synthesised and used for the detection of mismatches formed by DNA bases and they also exert therapeutic effects that include antimicrobial, anticancer and antiviral activities. 12 Naphthyridine substituted binaphthyl receptors are designed, synthesized and utilised for the fluorimetric discrimination of maleic acid and fumaric acids. 13 1,8-Naphthyridines serve as bridging ligands with metal complexes which showed improved photophysical and electrochemical properties.
14 Apart from these, many fused dimeric heterocycles from simple scaffolds like thiadiazole based oligomers to fullerene dimers have been synthesised. [15] [16] [17] [18] With this background and understanding the specific importance of the dimeric heterocycles, particularly naphthyridine analogs, an attempt has been made in this study to synthesize dibenzonaphthyrdine dimers starting from chloroquinoline through arylaminoquinoline, the potential intermediate.
In order to prepare the dimeric dibenzonaphthyridines, the potential intermediate, 2,4'-dimethyl-4-(N-phenylamino)quinoline (1) was first prepared by the reaction of 4-chloro-2-methylquinoline with p-toludine under neat conditions at 160ºC. It was reported earlier that the reaction of 4-arylaminoquinoline with various acids yield the corresponding dibenzo[b,h] [1, 6] naphthyridines. 19, 20 Following the same procedure, in the present work, the resulting 2,4'-dimethyl-4-(N-phenylamino)quinoline (1) was allowed to react with phthalic acid expecting to get the bis dibenzo In another set of reaction, the intermediate 1 was subjected to cyclisation with piperonylic acid under similar acidic condition. The reaction proceeded at 160ºC to yield two products. The first eluted product after characterization was visualized as 7-(3,4-dihydroxy)substituted-6,9-dimethyl dibenzo [b,h] [1, 6] naphthyridine (3, minor product) and not the expected, i.e., 7-piperonyl substituted-6,9-dimethyldibenzo [b,h] [1, 6] naphthyridine, whereas the second product was 6,9-dimethyldibenzo[b,h] [1,6] naphthyridine (2, major product). It is quite reasonable that the ether bond is broken under acidic conditions at elevated temperatures, but the formation of product 2 was quite interesting. Out of curiosity the intermediate 1 was allowed to react with salicylic acid. The reaction again yielded two products, the major being the product 2, while the minor fraction was the expected 7-(2-hydroxyphenyl) substituted-6-methyldibenzo [b,h] [1, 6] naphthyridine (4) . In both the reactions, the expected products were obtained in poor yields whereas the product 2 (Scheme 1) was obtained in good yield.
The elimination of the phenyl group along with carboxyl function can be explained as shown in Scheme 2. As reported by Manoj et al., 21 the reaction gets initiated by C 3 -acylation of the potential intermediate 1, followed by electrophilic substitution and subsequent aromatization to give the intermediate III via the intermediates I and II. Simultaneously, the carboxyl group gets coupled with the PPA and gets eliminated. The intermediate III is then believed to lose OH and the carboxyl substituted phenyl moieties to afford the reactive carbene intermediate IV which gets converted into zwitter ion V due to the mesomeric effect involving the lone pair of electrons available on the quinoline nitrogen and subsequent migration of proton yields the major product 2. For the hydroxyl substituted carboxylic acids, I¹ and II¹ could be the possible intermediates.
The reaction does not proceed at lower temperature in case of phthalic acid and elimination reactions occur at elevated temperatures. Based on reports on the effects of the activating groups at C2 and C4 position of quinoline, for the C3-acylation with carboxylic acids, 21 it was expected that replacement of the methyl group at the C2 position with another activating groups like phenylamino and subjecting to cyclisation with phthalic acid might yield the expected product. With this view the 2,4-dichloroquinoline was allowed to react with p-toludine to get bis-2,4-di(N-phenylamino)quinoline (5). This potential intermediate was then subjected to cyclisation under acidic condition with phthalic acid (Scheme 3). As expected the reaction proceeded at 100ºC to yield the proposed bisdibenzo[b,h] [1, 6] naphthyridine (6) .
Antibacterial activity
The antimicrobial era has reached the point where the emergence of resistant microbes is accelerating while the pace of discovering new drugs is decelerating. 22 Few novel chemical entities have been brought to the market during the past decade and most of them are the derivatives of the known compounds. The pharmacological properties of some compounds have been improved, but they can only temporarily overcome the problem of resistance. There is a need for new classes of antimicrobial compounds particularly for infections caused by various bacteria.. Naphthyridine derivatives exhibit a broad spectrum of biological activities and recently their antimicrobial activities have been reported. 23, 24 Based on this it is expected that the newly synthesized compounds, 2a-d, 3a, 4a and 6a-d also posses antimicrobial activities.
Source of Microorganisms
In order to test the antimicrobial activity the following microorganisms were used. 
Test for antimicrobial activity
The agar well diffusion method was employed for the determination of antimicrobial activities of the compounds. 25 All the tests were performed in duplicate and repeated twice. Modal values were selected. The compounds were weighed and dissolved in DMSO (1mg/mL) and were filter sterilized using a 0.45 µm membrane filter. Each pathogenic microorganism was suspended in sterile saline and diluted to ca. 10 6 colony forming units (cfu/ ml). They were swabbed on to the surface of MuellerHinton Agar (MHA). The wells (8 mm in diameter) were cut from the agar and 0.1 mL of DMSO solution with compounds was delivered into them. After incubation for 24 h at 37°C, all plates were examined for any zones of growth inhibition, and the diameter of these zones were measured in millimeters. Amoxicillin and Ceftriaxone (1 mg/1 mL in DMSO) were used as standards. The solvent DMSO was used as negative control.
Results of antibacterial activity of the compounds and standards were summarized in Table 1 and the diameter of the zone of inhibition for few compounds and control against Proteus mirabilis are highlighted in Figure 1 .
The results in the Table 1 demonstrate that all the dibenzonaphthyridine derivatives have antibacterial activity against the 3 pathogens, namely, Proteus mirabilis, Proteus vulgaris Staphylococcus aureus. A deep analysis of the data reveal that the chloro derivative of the monomer 2c, showed moderate activity when compared to the methyl derivatives 2a and 2b. The hydroxyl derivatives 3a and 4a showed moderate activity against the same pathogens. The interesting results are the dimeric dibenzonaphthyridines 6a, 6b, 6c and 6d showed good activity not only against Proteus mirabilis, Proteus vulgaris, Staphylococcus aureus, but also against E.coli and Enterococci faecalis. The chloro derivative 6c showed excellent antibacterial activity against 5 pathogens and was found to be the best among the compounds synthesised. Some of the zone of inhibition of compounds for the bacteria Proteus mirabilis are highlighted in Figure 1 .
General Experiment Methods
Melting points (m.p) were determined on Mettler FP 51 apparatus (Mettler Instruments, Switzerland) and are uncorrected. They are expressed in degree centigrade (°C). IR spectra were recorded on Schimadzu FTIR-8201PC spectrophotometer (Schimadzu, Japan) using KBr disc. 
EXPERIMENTAL
The preparation, spectral and analytical data of the intermediates 2,4'-dimethyl-4-(Nphenylamino)quinoline 1 and 4',4''-dimethyl-2,4-bis-(N-phenylamino)quinoline 5 are reported in the literature.
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Reaction of 1 with phthalic acid; Preparation of 6,9-dimethyldibenzo[b,h][1,6]naphthyridine (2) To a mixture of 2,4'-dimethyl-4-(Nphenylamino) quinoline (1, 0.002 mol) and phthalic acid (0.0011 mol), polyphosphoric acid (1 g of P 2 O 5 and 0.5 mL H 3 PO 4 ) was added and heated at 200°C for 5 hours. The reaction mixture showed a single spot on TLC and was poured into ice water and extracted with ethyl acetate, the product was purified using silica gel column chromatography, eluted with a petroleum ether : ethyl acetate (99 : 1) mixture to get 2 as white solid. To a solution of DMF (3.60 mL) at 0°C was added phosphorous oxychloride (8.40 mL) and stirred for 30 minutes. To this reaction mixture was added, 2,4'-dimethyl-4-(N-phenylamino)quinoline 1 (0.001 mol) and heated at 100°C for 10 hrs while monitoring the reaction using TLC. After the completion of the reaction, the reaction mixture was poured into crushed ice and basified with sodium carbonate solution. The reaction mixture was extracted using ethyl acetate. The aqueous layer was once again extracted using ethyl acetate. The combined organic layers were washed with brine solution, dried over anhydrous sodium sulphate, concentrated and purified by column chromatography. Elution with petroleum 6,9-dimethyl-7-(3',4'-dihydroxyphenyl Chloro-6,9-dimethyl-7-(3',4'-dihydroxyphenyl 
2-

Reaction of 1 with salicylic acid: Preparation of 6,9-dimethyldibenzo[b,h][1,6] naphthyridine (2) and 6,9-dimethyl-7-(2'-hydroxyphenyl)dibenzo [b,h][1,6] naphthyridine (4) -General procedure
A mixture of 2,4'-dimethyl-4-(Nphenylamino)quinoline (1, 0.001 mol) and salicylic acid (0.0011 mol) was added to polyphosphoric acid (1 g of P 2 O 5 and 0.5 mL H 3 PO 4 ) and heated at 160°C for 5 hours. The reaction mixture showed two spots on TLC and was poured into ice water, neutralized with saturated sodium bicarbonate solution to remove the excess of salicylic acid and extracted with ethyl acetate. The two products were separated using silica gel column chromatography and eluted with a petroleum ether : ethyl acetate (99 : 1) mixture to get 2 and petroleum ether : ethyl acetate (94 : 6) mixture to get 4 which were recrystallized using ethanol. To a mixture of 4',4''-dimethyl-2,4-bis-(Nphenylamino)quinoline (5, 0.002 mol) and phthalic acid (0.0011 mol), polyphosphoric acid (1 g of P 2 O 5 and 0.5 mL H 3 PO 4 ) was added and heated at 100°C for 5 hours. The reaction mixture which showed a single spot on TLC was poured into ice water and extracted with ethyl acetate. Purification using silica gel column chromatography and elution with petroleum ether : ethyl acetate (95 : 5) mixture yielded 6 as orange solid. th position favours the C3-acylation and cylisation reaction at 200ºC along with the elimination of the carboxylic acid group with phenyl ring. It is also proved that the hydroxyl group behaves similarly and favoured the elimination at 160ºC. The bis dibenzonaphthyridine analogs 6a-d prepared were screened for the antibacterial activity along with the monomers 2, 3 and 4 and the results showed that the dimeric analogs were found to posses excellent activity against various strains tested.
